1. Introduction {#sec1}
===============

Doxorubicin (DOX) is commonly used for the treatment of several types of human malignancies, such as acute leukemia and malignant lymphoma.^[@ref1]^ It interferes with DNA and RNA synthesis by inhibiting topoisomerase II, thereby exerting its therapeutic effect.^[@ref2]^ However, the clinical application of DOX is limited due to its dose-dependent and cumulative cardiotoxicity.^[@ref3],[@ref4]^ The exact mechanisms of DOX-induced injury are still not yet understood. It has been hypothesized that several multiple mechanisms may be involved, including DNA damage, oxidative stress, and cell apoptosis.^[@ref5]^ Owing to the great significance of DOX in cancer treatment, discovering novel treatment strategies against DOX-induced injury is essential. The therapy using natural and herbal ways to manage human diseases is known for a long time.^[@ref6]^ Recently, traditional Chinese medicine (TCM) is gaining worldwide attention due to its holistic concept and systematic viewpoint. Thus, herbal methods are valuable for seeking a novel approach agent against DOX-induced toxicity.

Fuzhengkangfu decoction (FZK), a traditional Chinese herbal formula of reinforcing Qi strengthening spleen, has been extensively applied as a complementary therapy to treat various kinds of cardiovascular diseases. From the perspective of modern physiology, the Qi and spleen system in TCM is a comprehensive concept that integrates anatomy, physiology, and pathology. The system governs ingestion and digestion, blood circulation, nourishing the blood, and engendering the liquid.^[@ref7]^ FZK is composed of six medicinal herbs, i.e., *Radix codonopsis* (Dangshen), *Rhizoma atractylodis macrocephalae* (Baizhu), *Poria* (Fulin), *Radix saposhnikoviae* (Fangfeng), *Radix morindae officinalis* (Bajitian), and *Radix glycyrrhizae* (Gancao). These herbs have immunomodulatory, anti-inflammatory, and lipid-regulating effects as confirmed by modern medicine.^[@ref8]−[@ref11]^ Among these, *Codonopsis, morindae officinalis* exerts myocardial protection, promotes hematopoiesis, and reduces blood deposition.^[@ref12]^*Poria, atractylodis macrocephalae* have the function of diuretic.^[@ref13]^ All of these are beneficial for improving cardiac function in patients. FZK has been clinically used to treat various cardiovascular diseases, such as heart failure. However, whether FZK-induced myocardial protection and the protective effect of FZK in the process of DOX-induced cardiotoxicity and its underlying mechanisms are still unclear.

In this study, we integrated the modern analytical technique and bioinformatics to dissect the chemical composition and potential pharmacological effects of FZK. High-performance liquid chromatography--mass spectrometry (HPLC--MS) has been the preferred method for the rapid measurement of various analytes in a complex herbal medicine.^[@ref14]^ Network pharmacology is an efficient way to investigate the synergism function mechanism of different constituents from a systematic viewpoint as well as to disclose the molecular mechanisms of TCMs.^[@ref15],[@ref16]^ Based on the results of chemical composition and target prediction, we further validated whether FZK protects the H9C2 cells against DOX-induced cardiotoxicity and explored the underlying mechanism.

2. Results {#sec2}
==========

2.1. Characterization of Chemical Constituents in FZK {#sec2.1}
-----------------------------------------------------

Representative chromatograms obtained by HPLC--MS are shown in [Figure [1](#fig1){ref-type="fig"}](#fig1){ref-type="fig"}. A total of 42 compounds (listed in [Table [1](#tbl1){ref-type="other"}](#tbl1){ref-type="other"}) were identified according to the MS data combined with literature and database matching,^[@ref17]−[@ref23]^ including 7 flavonoids, 6 amino acids, 5 chromones, 4 alkaloids, 4 volatile oils, 4 terpenoids, 2 glycosides, 2 carbohydrates, 1 nucleoside, 1 coumarin, 1 saponin, and 5 miscellaneous compounds. The chemical constituents of each herb and representative constituents structure identified from FZK are shown in [Figure [2](#fig2){ref-type="fig"}](#fig2){ref-type="fig"}, DS, GC, FL, and BZ are the main sources of identified compounds.

![Total ion chromatogram (TIC) in positive mode (A) and negative mode (B) of FZK.](ao0c01494_0001){#fig1}

![Distribution of compound source and chemical structures of representative compounds.](ao0c01494_0002){#fig2}

###### Characterization of Chemical Constituents in FZK by HPLC--MS[a](#t1fn1){ref-type="table-fn"}

  no.   *t*~R~ (min)   detected ion (*m*/*z*)   formula              identity                                   source
  ----- -------------- ------------------------ -------------------- ------------------------------------------ --------
  1     2.659          \[M + H\] + 118.1        C~8~H~7~N            indole                                     BJT
  2     2.912          \[M + H\] + 116.1        C~5~H~9~NO~2~        (2*S*)-pyrrolidin-1-ium-2-carboxylate      BZ
  3     3.777          \[M -- H\] -- 173.1      C~6~H~14~N~4~O~2~    protonated arginine                        BZ
  4     4.408          \[M -- H\] -- 549.3      C~32~H~38~O~8~       6,6′-dimethoxygossypol                     DS
  5     6.265          \[M -- H\] -- 191.1      C~10~H~8~O~4~        scopoletin                                 BZ
  6     6.265          \[M -- H\] -- 191.1      C~11~H~12~O~3~       myristicin                                 DS
  7     7.149          \[M -- H\] -- 298.1      C~19~H~38~O~2~       methyl stearate                            DS
  8     7.401          \[M -- H\] -- 581.3      C~26~H~30~O~15~      asperuloside tetraacetate                  BJT
  9     7.437          \[M + H\] + 132.1        C~6~H~13~NO~2~       (2*S*,3*S*)-2-ammonio-3-methylpentanoate   BZ
  10    9.096          \[M + H\] + 182.1        C~13~H~11~N          3-methyl-9*H*-carbazole                    DS
  11    9.547          \[M + H\] + 182.1        C~9~H~11~NO~3~       tyrosine                                   BZ
  12    9.961          \[M -- H\] -- 665.3      C~24~H~42~O~21~      nystose                                    BJT
  13    12.251         \[M -- H\] -- 389.2      C~24~H~38~O~4~       diisooctyl phthalate                       DS
  14    12.305         \[M -- H\] -- 389.2      C~25~H~26~O~4~       hispaglabridin B                           GC
  15    12.954         \[M -- H\] -- 827.4      C~30~H~52~O~26~      1*F*-fructofuranosylnystose                BJT
  16    13.747         \[M + H\] + 268.1        C~10~H~13~N~5~O~4~   adenosine                                  FF /DS
  17    14.631         \[M + H\] + 166.1        C~9~H~11~NO~2~       (2*S*)-2-azaniumyl-3-phenylpropanoate      BZ
  18    16.437         \[M + H\] + 254.2        C~13~H~19~NO~4~      codonopsinol B                             DS
  19    16.921         \[M + H\] + 268.2        C~14~H~21~NO~4~      codonopsine                                DS
  20    19.357         \[M + H\] + 205.1        C~11~H~12~N~2~O~2~   tryptophan                                 DS
  21    21.049         \[M + H\] -- 209.1       C~15~H~30~           1-pentadecene                              DS
  22    21.103         \[M -- H\] -- 419.2      C~25~H~24~O~6~       gancaonin H                                GC
  23    21.103         \[M -- H\] -- 419.2      C~25~H~24~O~6~       morusin                                    GC
  24    22.365         \[M + H\] + 217.2        C~15~H~20~O          atractylon                                 BZ
  25    26.476         \[M + H\] + 469.2        C~22~H~28~O~11~      prim-*O*-glucosylcimifugin                 FF
  26    28.82          \[M -- H\] -- 549.3      C~26~H~30~O~13~      licraside                                  GC
  27    28.871         \[M + H\] + 257.1        C~15~H~12~O~4~       liquiritigenin                             GC
  28    29.126         \[M -- H\] -- 417.2      C~22~H~26~O~8~       episyringaresinol                          DS
  29    29.667         \[M -- H\] + 307.2       C~16~H~18~O~6~       cimifugin                                  FF
  30    30.749         \[M + H\] + 453.2        C~22~H~28~O~10~      5-*O*-methylvisammioside                   FF
  31    35.851         \[M + H\] + 291.2        C~16~H~18~O~5~       5-*O*-methylvisamminol                     FF
  32    36.987         \[M + H\] + 439.2        C~21~H~26~O~10~      *sec*-*o*-glucosylhamaudol                 FF
  33    37.113         \[M + H\] + 439.2        C~27~H~34~O~5~       5-*O*-methyllicoricidin                    GC
  34    41.044         \[M -- H\] -- 514.4      C~31~H~46~O~6~       poricoic acid D                            FL
  35    41.979         \[M -- H\] -- 837.5      C~42~H~62~O~17~      licorice saponin G2                        GC
  36    43.784         \[M + H\] + 373.3        C~17~H~24~O~9~       tangshenosideII                            DS
  37    45.443         \[M -- H\] -- 498.4      C~31~H~46~O~5~       poricoic acid A                            FL
  38    46.344         \[M + H\] -- 821.5       C~34~H~46~O~23~      citrifolinin A-1                           BJT
  39    49.062         \[M -- H\] -- 407.3      C~20~H~24~O~9~       ammijin                                    FF
  40    49.986         \[M + H\] + 373.3        C~17~H~24~O~9~       syringin                                   DS
  41    50.041         \[M -- H\] -- 407.3      C~25~H~28~O~5~       3-hydroxyglabrol                           GC
  42    50.221         \[M -- H\] -- (407.3)    C~25~H~28~O~5~       glyinflanin A                              GC

DS: Radix codonopsis; BZ: Rhizoma atractylodis macrocephalae; FL: Poria; FF: Radix saposhnikoviae; BJT: Radix morindae officinalis; GC: Radix glycyrrhiza.

2.2. Predicting the Potential Target of FZK and Kyoto Encyclopedia of Genes and Genomes (KEGG) Enrichment Analysis {#sec2.2}
------------------------------------------------------------------------------------------------------------------

The multifarious chemical constitutes of FZK indicate complex mechanisms of action that warrant a systemic exploration. Therefore, 42 compounds identified by HPLC--MS were uploaded into BATMAN for the prediction of potential targets; target proteins with scores \>40 were selected. The analysis by BATMAN retrieved a total of 6 herbal medicine ingredients, and 23 vital components with 446 targets were selected. To establish an intuitive correlation among herbal medicine, compound, and target, a herbal medicine--compound--target network was constructed using Cytoscape 3.2.1 ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}A).

![Potential targets and pathway analysis. (A) Pharmacological network. Purple hexagon: herbal medicine; yellow diamond: components; green oval: targets. (B) Top 10 pathways. The area of the dot indicates the number of enriched genes; the larger the dot, the more the number of genes. The color of the dot represents the significance of *P*-value; the pathway with intense red color indicates a significant *P*-value.](ao0c01494_0003){#fig3}

Subsequently, a total of 46 pathways with *P*-value \<0.01 were chosen after the completion of analysis by DAVID bioinformatics resource. The top 10 pathways, such as metabolic pathways, neuroactive ligand--receptor interaction, and calcium and cGMP--PKG signaling pathways, consisted of a maximal number of genes ([Figure [3](#fig3){ref-type="fig"}](#fig3){ref-type="fig"}B).

2.3. Cell Viability Assay {#sec2.3}
-------------------------

As shown in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}A, DOX treatment-induced H9C2 cell death in a dose-dependent manner. The viability was 87.6 ± 3.1, 75.8 ± 3.9, 72.0 ± 8.2, 70.4 ± 5.0, 65.7 ± 6.4, and 49.2 ± 2.9% for DOX 0.1, 1, 5, 10, 15, and 20 μmol/L, respectively. Moreover, cell death under 10--200 μg/mL FZK treatment was not distinct. In this study, 5 μmol/L DOX was utilized. The effect of pretreatment with FZK on DOX-induced cells is displayed in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}B. The rate of cell protection indicated that pretreatment with FZK attenuates DOX-induced cell death at experimental concentrations (*P* \< 0.05 vs DOX). Thus, the concentration of 50 μg/mL of FZK was selected for subsequent studies.

![Effect of FZK and DOX on cell death. (A) Cytotoxicity: the cell viabilities of H9C2 cells treated with different concentrations of DOX or FZK. (B) Cytoprotective: the cell protection rate of H9C2 cells with or without pretreatment with different concentrations of FZK or HPS (positive control) before DOX. (C) Effect of FZK on the antitumor activity of DOX in HeLa cells. Data are mean ± SD (*n* = 3). \**P* \< 0.05 vs control; \#*P* \< 0.05 vs DOX.](ao0c01494_0004){#fig4}

As shown in [Figure [4](#fig4){ref-type="fig"}](#fig4){ref-type="fig"}C, after exposure to 5 μM DOX for 24 h, the number of viable HeLa cells significantly reduced to 57.7 ± 3.2% of the control cells (*P* \< 0.05 vs control). The pretreatment with FZK (50 μg/mL) acquired a similar number of viable cells (61.3 ± 2.3% of the control, *P* \> 0.05 vs DOX).

2.4. FZK Protects against DOX-Induced Mitochondrial Membrane Potential (MMP) Loss {#sec2.4}
---------------------------------------------------------------------------------

JC-1 presents green fluorescence in the cytoplasmic as a monomer and red fluorescence in the mitochondria as aggregates. The transformation of JC-1 fluorescence from red to green indicated MMP loss. Thus, we used the ratio of aggregates and monomers to determine DOX-induced mitochondria injury and the influence of pretreatment with FZK. As shown in [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"} A,B, the FZK pretreatment attenuated the DOX-induced mitochondrial injury. In the control group, the ratio of aggregates/monomer was 2.1 ± 0.20. After treatment with DOX, the H9C2 cells showed a lower proportion of JC-1 aggregates in mitochondria due to the dissipation of MMP (1.27 ± 0.99, *P* \< 0.05 vs control). However, this change could be moderated by pretreatment with FZK (1.70 ± 0.57, *P* \< 0.05 vs control and DOX).

![Effect of FZK on MMP and intracellular Ca^2+^. (A) Representative fluorescent images of JC-1 staining, ×60. (B) Ratio of JC-1 aggregates to JC-1 monomer. (C) Representative fluorescent images of fluo-4, ×40. (D) Fluorescence intensity of calcium. Data are expressed as mean ± SD (*n* = 3). \**P* \< 0.05 vs control; \#*P* \< 0.05 vs DOX.](ao0c01494_0005){#fig5}

2.5. FZK-Reduced Intracellular Ca^2+^ Accumulation Induced by DOX {#sec2.5}
-----------------------------------------------------------------

Ca^2+^ overload is a critical mechanism responsible for DOX injury. As shown in [Figure [5](#fig5){ref-type="fig"}](#fig5){ref-type="fig"}C,D, 5 μM DOX significantly potentiated Fluo-4 fluorescence (*P* \< 0.05 vs control), demonstrating an elevation in intracellular Ca^2+^ concentration. Consequently, the fluorescence intensity was decreased significantly after FZK pretreatment as compared to that in the DOX group (*P* \< 0.05 vs DOX).

2.6. FZK Protected H9C2 Cells from DOX-Induced Apoptosis {#sec2.6}
--------------------------------------------------------

As exhibited in [Figure [6](#fig6){ref-type="fig"}](#fig6){ref-type="fig"}, DOX treatment markedly increased the apoptosis in H9C2 cells, which was prevented by pretreatment with FZK. After exposure to DOX, the rate of apoptosis in cells (both early and late) was 56.8 ± 7.4% (*P* \< 0.05 vs control). However, the apoptotic rate of the cells pretreated with FZK decreased significantly to 37.31 ± 7.27% (*P* \< 0.05 vs DOX).

![H9C2 cardiomyocyte apoptosis detection. (A) Control group; (B) DOX group; (C) FZK + DOX group; and (D) Ratio of apoptosis. Data are presented as mean ± SD (*n* = 3). \**P* \< 0.05 vs control; \#*P* \< 0.05 vs DOX.](ao0c01494_0006){#fig6}

2.7. Expression of Bcl-2/Bax {#sec2.7}
----------------------------

Bax protein promotes cell apoptosis, and Bcl-2 is an antiapoptotic protein. Bax interacts with Bcl-2 to form a heterodimer and influences the process of cell apoptosis directly. In this study, the Bcl-2/Bax ratio was used to demonstrate the apoptosis degree. DOX-induced apoptosis, accompanied by decreased Bcl-2/Bax ratio (0.23 ± 0.01), and FZK pretreatment attenuated these changes by regulating Bcl-2 and Bax expression (0.43 ± 0.08) ([Figure [7](#fig7){ref-type="fig"}](#fig7){ref-type="fig"}).

![Expression of Bax and Bcl-2. (A) Representative images. (B) Quantitative analysis of Bcl-2/Bax. Data are mean ± SD (*n* = 3). \**P* ≤ 0.05 vs control; \#*P* ≤ 0.05 vs DOX.](ao0c01494_0007){#fig7}

3. Discussion {#sec3}
=============

DOX is an anthraquinone antibiotic for cancer therapy and has been wildly used to treat several types of human malignancies since the late 1960s.^[@ref24]^ However, the spectrum of its clinical application is limited due to severe cardiotoxic side effects.^[@ref25],[@ref26]^ Thus, the discovery of a novel treatment strategy for DOX-induced cardiotoxicity is imperative. H9C2 is a permanent rat-derived cardiomyoblast cell line with morphological characteristics similar to those of undifferentiated embryonic cardiomyocytes. In many studies, the H9C2 cells are commonly used for cell-based heart failure research.^[@ref27]^ Thus, H9C2 cells were selected for this study.

The present study aimed to confirm the protective effects of FZK against DOX-induced cardiotoxicity. Although the exact mechanisms of DOX-induced injury are yet unclear, several studies provide evidence that excessive generation of ROS is a key contributor to these effects.^[@ref28]^ Also, DOX-mediated disturbances of cellular calcium homeostasis interrupt energy metabolism and increase the oxidative stress, further causing DOX-induced cell apoptosis.^[@ref29]^ Compelling evidence showed that mitochondria and intracellular calcium play the key role in regulating DOX-induced cardiotoxicity.^[@ref30]^ Herein, we proved that FZK pretreatment ameliorated the DOX-induced increase in cytosolic calcium level.

Cardiomyocyte apoptosis is the key event of DOX-induced cardiotoxicity. DOX-induced accumulation of ROS and overload of calcium in mitochondria lead to the dissipation of MMP, activating the mitochondrial permeability transition pore (MPTP). Then, cytochrome c was released, followed by caspase-3 activation and DNA fragmentation, resulting in cell apoptosis.^[@ref31]^ The Bcl-2 protein family plays a pivotal role in the process of cardiomyocyte apoptosis via control of mitochondrial cytochrome c release and caspase activation.^[@ref32]^ The Bax (proapoptotic) and Bcl-2 (antiapoptotic) proteins belong to this family. Bcl-2 is a crucial cellular component that defends cell apoptosis. Bax triggers mitochondria-mediated apoptosis, which releases apoptogenic factors and leads to mitochondrial dysfunction. These proapoptotic procedures can be antagonized by the antiapoptotic protein Bcl-2.^[@ref33]^ In this study, DOX treatment induced apoptosis in H9C2 cells as a result of the loss of MMP, decreased expression of Bcl-2, and increased expression of Bax. Pretreatment with FZK ameliorated DOX-induced apoptosis, attenuated the dissipation of MMP, and increased the Bcl-2/Bax ratio in H9C2 cells. These results demonstrated the protective effect of FZK in DOX-induced cardiotoxicity. Next, we evaluated the effect of FZK on the antitumor activity of DOX in HeLa cells. The (3-\[4,5-dimethylthiazol-2-yl\]-2,5-diphenyltetrazolium bromide) (MTT) assay showed that the addition of FZK did not affect the antitumor activity of DOX.

FZK is a TCM containing a variety of active substances with cardiovascular protective properties. The present study aimed to explore the therapeutic role of FZK effectuated by its effective components acting on multiple targets and pathways. We identified 42 compounds by HPLC--MS system. Among these, tanshinone II, liquiritigenin, cimifugin, and scopoletin were reported to be effective in antiapoptosis and antihypertensive effects and inhibition of inflammation.^[@ref34]−[@ref38]^ With the rapid development of bioinformatics, the network pharmacology has gained increasing attention as an effective and innovative approach to uncover the underlying mechanisms of TCM formulas from a holistic perspective. In this study, 46 pathways were identified by KEGG analysis: metabolic pathways, neuroactive ligand--receptor interaction, calcium signaling pathway, and cGMP--PKG signaling pathway. The neuroactive ligand--receptor interaction signaling pathway, which encompasses several genes, can mediate cardioprotection.^[@ref39]^ Furthermore, the regulation of neuroactive ligand--receptor interaction might protect the patients' damaged cardiac function after coronary artery bypass grafting.^[@ref40]^ Moreover, the KEGG analysis showed a correlation between calcium and cGMP--PKG signaling pathways and the actions of FZK. The cGMP-dependent protein kinase G (PKG) plays a pivotal role in intracellular environmental homeostasis. Proteins phosphorylated by PKG participate in calcium regulation, muscle contraction, inflammation response, and oxidative stress.^[@ref41]^ As stated above, DOX is characterized by disrupted cellular calcium homeostasis, which leads to altered energy metabolism and promotes ROS generation and cell apoptosis. These findings were consistent with our previous experimental results, wherein sustained intracellular calcium homeostasis maintained the mitochondrial function and ameliorated the DOX-induced cell apoptosis. Thus, we inferred that FZK-sustained intracellular calcium homeostasis avoids DOX-induced cardiotoxicity by regulating the calcium pathway.

4. Conclusions {#sec4}
==============

In this study, we confirmed that FZK protects H9C2 cells against DOX-induced cardiotoxicity and increases the antiapoptotic ability but does not affect the antitumor activity of DOX. In addition, we integrated the LC--MS analytical method with bioinformatics to understand the chemical composition and pharmacological effects of FZK. Several pathways, such as neuroactive ligand--receptor interaction, calcium signaling pathway, and cGMP--PKG signaling pathway, were predicted as the potential mechanisms of FZK. Thus, the herbal approach is a vast storehouse for developing new therapeutic agents for the treatment of DOX-induced cardiotoxicity, and FZK might serve as a complementary material.

5. Materials and Methods {#sec5}
========================

5.1. Reagents {#sec5.1}
-------------

Fetal bovine serum (FBS), phosphate-buffered saline (PBS), penicillin-streptomycin, trypsin-EDTA, and Dulbecco's modified Eagle's medium (DMEM) were obtained from Gibico BRL (Grand Island, NY). DOX was obtained from Targetmol (Boston, MA). Deionized water was purified using Elga PURELAB flex system (ELGA LabWater, U.K.). HPLC-grade acetonitrile and formic acid were obtained from Merck (Darmstadt, Germany) and Aladdin (Aladdin, China).

The FZK decoction, consisting of 30 g of Dangshen, 15 g of Fuling, 10 g of Fangfeng, 10 g of Baizhu, 10 g of Bajitian, and 8 g of Gancao, was provided by Hangzhou First People's Hospital (Hangzhou, China). The quality was controlled according to the Standard Operation Procedure of Chinese Pharmacopoeia. The supernatant of the mixture was collected by centrifugation at 12 000 rpm for 15 min.

5.2. Characterization of Major Chemical Constituents in FZK by HPLC--MS {#sec5.2}
-----------------------------------------------------------------------

HPLC--MS analysis was performed on an Agilent 1100 system coupled with an Agilent 1946D Quadrupole mass spectrometer, using Waters CORTECS T3 column (100 mm × 4.6 mm i.d., 2.7 μm; Agilent Technologies) maintained at 30 °C. The flow rate was 0.4 mL/min, and the injection volume was 5 μL. The mobile phase consisted of water containing 0.1% v/v formic acid (A) and acetonitrile (B). A gradient program was used for the following profile: 0--5 min, 0--0% B; 5--60 min, 0--60% B; 60--65 min, 60--100 min; and 65--70 min, 100--100%. The detection wavelength was set at 280 nm, and the data were acquired in full scan positive and negative modes under following parameters: mass range, 100--1200 *m*/*z*; gas temperature, 350 °C; drying gas, 10.0 L/min; nebulizer pressure, 45 psig; capillary voltage (positive), 4000 V; capillary voltage (negative), 3500 V; fragmentor, 150; gain, 1; and full scan mode.

5.3. Potential Targets and Enrichment Analysis {#sec5.3}
----------------------------------------------

Herein, BATMAN-TCM, a bioinformatics analysis tool of TCM, was selected to predict the potential targets for the ingredients mentioned above.^[@ref42]^ The targets, obtained from the DrugBank, KEGG, and TTD databases, were ranked according to the interactions between potential targets and resemblance to known targets, based on scores from high to low; those with scores \>40 were selected. The network visualization software Cytoscape (ver. 3.2.1) was used to build an herbal medicine--constituents--target protein pharmacological network based on the data acquired by previous steps.

DAVID (ver. 6.7) was applied for (KEGG) pathway enrichment analysis.^[@ref43]^ The data were analyzed using the R package clusterProfiler (ver. 3.6.0), with a threshold value of *P* ≤ 0.01. Also, the general flowchart of target network construction and pathway enrichment is shown in [Figure [8](#fig8){ref-type="fig"}](#fig8){ref-type="fig"}.

![Research process of target network construction and pathway enrichment.](ao0c01494_0008){#fig8}

5.4. Cell Culture and Treatment {#sec5.4}
-------------------------------

H9C2 and HeLa cells, obtained from the Cell Bank of Type Culture Collection of the Chinese Academy of Sciences (Shanghai, China), were cultured in DMEM with 10% FBS, 100 U/mL penicillin, and 100 μg/mL streptomycin at 37 °C under an atmosphere of 5% CO~2~. The H9C2 cells were treated with 0.1, 1, 5, 15, or 20 μM DOX and 10, 25, 50, 75, 100, 150, or 200 μg/mL FZK for 24 h to acquire the appropriate concentration of DOX and FZK for the current study. The three groups were established according to different treatments: cells without additional treatment in the control group; 5 μM DOX was applied for 24 h to cells in the DOX group; and 50 μg/mL FZK was applied for 4 h, followed by 5 μM DOX for 24 h to cells in FZK + DOX group.

5.5. Viability Assay by MTT Assay {#sec5.5}
---------------------------------

Cell viability was assessed by the MTT assay. The cells were seeded at a density of 5 × 10^4^/well in 96-well plates and received different treatments. Quercetin (Hupisu, HPS), a type of flavonoid, has been reported to exert protective effects against DOX-induced cell death^[@ref44]^ and hence served as the positive control. Then, 100 μL of MTT (5 mg/mL) was added to each well for 4 h, followed by dimethyl sulfoxide. The optical density (OD) was measured at 580 nm using a microtiter plate reader.

5.6. Measurement of MMP {#sec5.6}
-----------------------

A fluorescence microscope was used to detect the loss of mitochondrial membrane potential by JC-1 staining. The H9C2 cells were treated with JC-1 for 30 min at 37 °C after intervention as described above and scanned using ImageXpress Micro Confocal High-Content Imaging System (Molecular Devices), with a 60× Plan Fluor objective. The fluorescent values were analyzed by the analysis module of MetaXpress High-Content Image and Analysis Software (Molecular Devices) system. The monomeric of JC-1 was detected at 475 and 536 nm as the green excitation and emission wavelengths, respectively, while the aggregation of JC-1 was detected at 530 and 593 nm as red excitation and emission wavelengths, respectively.

5.7. Measurement of Intracellular Ca^2+^ Levels by Fluo-4 {#sec5.7}
---------------------------------------------------------

H9C2 cells were seeded in 96-well plates, incubated with or without 50 μg/mL FZK, and loaded with 5 μM Fluo-4 (Beyotime, China) at 37 °C for 60 min, according to the manufacturer's protocol. The intracellular Ca^2+^ concentration was evaluated by measuring the fluorescence intensity after administrating DOX, excitation at 488 nm, and emission at 510 nm using ImageXpress Micro Confocal High-Content Imaging System. The fluorescent values were analyzed by the analysis module of MetaXpress High-Content Image and Analysis Software system.

5.8. Apoptosis Measurement {#sec5.8}
--------------------------

The rate of apoptosis was measured by flow cytometry assay using Annexin V fluorescein isothiocyanate/propidium iodide (Annexin V-FITC/PI) double staining. The cells in the logarithmic phase were seeded in six-well plates. After the treatment, as mentioned above, the cells were collected by 0.05% trypsin, washed twice using PBS, and incubated in 500 μg/mL of binding buffer. Then, 5 μL of Annexin V-FITC and 10 μL of PI were added to each well and cultured in the dark for 15 min at room temperature. The apoptotic rate of each sample was measured by flow cytometry (Accuri C6, BD).

5.9. Western Blotting {#sec5.9}
---------------------

The concentration of the total protein of each group was quantified by BCA assay kit (ThermoFisher). An equivalent of protein was separated by 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and transferred to poly(vinylidene fluoride) (PVDF) membrane (Millipore, Bedford, MA). After blocking with 10% skim milk, the membranes were probed with primary antibodies (Bcl-2, 1:1000; Bax 1:1000; Tublin 1:1000, Beyotime) overnight at 4 °C, followed by incubation with secondary antibodies. The immunoreactive bands were analyzed using ChemiDoc Touch Imaging System and Image Lab software (Bio-Rad).

5.10. Statistical analysis {#sec5.10}
--------------------------

The data are expressed as mean ± SD. Statistical significance was determined using one-way analysis of variance (ANOVA, GraphPad Prism 6 Software). *P*-value \<0.05 was considered statistically significant.
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